CD30 is a member of the tumor necrosis factor receptor superfamily. Originally described as a marker on Reed-Sternberg cells in Hodgkin lymphoma (HL), CD30 is expressed widely in HL and anaplastic large-cell lymphoma (ALCL), a rare subtype of nonHodgkin lymphoma (NHL), and infrequently expressed among other types of NHL. 1,2 Among normal lymphocytes, CD30 is expressed only by activated B cells and T cells. In the case of T cells, CD30 is preferentially expressed by activated cells predisposed to producing T helper 2 (Th2)-type B-cell-stimulatory cytokines. 3, 4 The interaction of CD30 with its ligand (CD30L) appears to promote secondary humoral responses in normal B cells. 5 The effects of CD30 activation on tumor cells appear to be complex: they appear to induce cell proliferation in HL cells of T-cell origin and to promote apoptosis in ALCL cells. 6, 7 The extracellular portion of CD30 is proteolytically cleaved from CD30 ϩ cells, possibly on activation by CD30L, to produce a soluble form of the molecule (sCD30) detectable in serum. 5 Elevated serum sCD30 is observed for several viral infections, autoimmune diseases, and atopic conditions, 1,5 and has been proposed as a marker for a Th2-oriented immune response. 4, 8, 9 Increased circulating sCD30 is also present among CD30 ϩ lymphoid malignancies such as HL and ALCL. 1,5 The physiologic effects, if any, of sCD30 are unknown. 5, 6 Sustained B-cell proliferation is suspected to be an important mechanism contributing to the accumulation of genetic errors that can lead to lymphomagenesis. 10, 11 Breen et al recently hypothesized that elevated circulating sCD30 levels reflect an immunologic milieu conducive to B-cell NHL, 12 which includes more than 90% of all diagnosed NHL. 13 In a small nested case-control investigation conducted within the Multicenter AIDS Cohort Study, they observed significantly higher baseline serum sCD30 levels among persons who subsequently developed AIDS-related NHL compared with cancer-free controls. 12 To determine whether circulating sCD30 levels are associated with NHL risk among immunocompetent persons, we conducted a nested case-control study within the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial.
Introduction
CD30 is a member of the tumor necrosis factor receptor superfamily. Originally described as a marker on Reed-Sternberg cells in Hodgkin lymphoma (HL), CD30 is expressed widely in HL and anaplastic large-cell lymphoma (ALCL), a rare subtype of nonHodgkin lymphoma (NHL), and infrequently expressed among other types of NHL. 1, 2 Among normal lymphocytes, CD30 is expressed only by activated B cells and T cells. In the case of T cells, CD30 is preferentially expressed by activated cells predisposed to producing T helper 2 (Th2)-type B-cell-stimulatory cytokines. 3, 4 The interaction of CD30 with its ligand (CD30L) appears to promote secondary humoral responses in normal B cells. 5 The effects of CD30 activation on tumor cells appear to be complex: they appear to induce cell proliferation in HL cells of T-cell origin and to promote apoptosis in ALCL cells. 6, 7 The extracellular portion of CD30 is proteolytically cleaved from CD30 ϩ cells, possibly on activation by CD30L, to produce a soluble form of the molecule (sCD30) detectable in serum. 5 Elevated serum sCD30 is observed for several viral infections, autoimmune diseases, and atopic conditions, 1, 5 and has been proposed as a marker for a Th2-oriented immune response. 4, 8, 9 Increased circulating sCD30 is also present among CD30 ϩ lymphoid malignancies such as HL and ALCL. 1, 5 The physiologic effects, if any, of sCD30 are unknown. 5, 6 Sustained B-cell proliferation is suspected to be an important mechanism contributing to the accumulation of genetic errors that can lead to lymphomagenesis. 10, 11 Breen et al recently hypothesized that elevated circulating sCD30 levels reflect an immunologic milieu conducive to B-cell NHL, 12 which includes more than 90% of all diagnosed NHL. 13 In a small nested case-control investigation conducted within the Multicenter AIDS Cohort Study, they observed significantly higher baseline serum sCD30 levels among persons who subsequently developed AIDS-related NHL compared with cancer-free controls. 12 To determine whether circulating sCD30 levels are associated with NHL risk among immunocompetent persons, we conducted a nested case-control study within the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial.
Methods
Detailed descriptions of the PLCO Cancer Screening Trial have been previously reported. In brief, between 1993 and 2001, approximately 155 000 subjects in 10 cities (Birmingham, AL; Denver, CO; Detroit, MI; Honolulu, HI; Marshfield, WI; Minneapolis, MN; Pittsburgh, PA; Salt Lake City, UT; St Louis, MO; and Washington, DC) 55 to 74 years of age were recruited from the general population and randomized to the screening or nonscreening arm of the study. All screening-arm subjects provided nonfasting baseline blood samples that were processed and frozen within 2 hours of collection and stored at Ϫ70°C. Persons were followed up for all cancer diagnoses by annual mailed questionnaire, in addition to the PLCO Cancer Screening Trial disease outcomes by annual screening examinations during the first 6 years of follow-up. All cancer diagnoses were pathologically confirmed by medical record abstraction. The institutional review boards of the National Cancer Institute and the 10 study centers approved the trial, and all participants provided written informed consent in accordance with the Declaration of Helsinki. The publication costs of this article were defrayed in part by page charge payment. Therefore, and solely to indicate this fact, this article is hereby marked ''advertisement'' in accordance with 18 USC section 1734.
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BLOOD, 24 SEPTEMBER 2009 ⅐ VOLUME 114, NUMBER 13 For personal use only. on April 8, 2017 . by guest www.bloodjournal.org From After follow-up through January 31, 2006, 297 cases of NHL (ICD-O-2-M 9590-9595, 9670-9677, 9680-9688, 9690-9698, 9700-9717, 9823, 9827) were identified from 54 829 eligible screening-arm participants (eligibility criteria: signed informed consent, no history of cancer at enrollment, 2 or more unthawed serum vials available, did not develop cancer or exit the cohort within the first year of follow-up). Controls were individually matched to cases (1:1 ratio) by age at baseline (5-year categories), sex, race, PLCO center, and date of baseline blood draw (3-month categories) from among subjects who had not been diagnosed with any type of malignancy except nonmelanoma skin cancer at the time of the case diagnosis date.
Serum sCD30 was measured in duplicate by enzyme-linked immunosorbent assay (Bender Medsystems). Cases and their matched controls were assayed consecutively within the same batch. Measurements from blinded quality control replicates interspersed among the samples suggested possible problems with assay variation in 4 of 17 assay batches. We present results with these batches excluded (resulting sample size: 234 cases, 234 controls; assay coefficient of variation, 38%; intraclass correlation, 0.66), although our findings for the total dataset of 297 cases and 297 controls were virtually identical (supplemental Table 1 , available on the Blood website; see the Supplemental Materials link at the top of the online article).
The Wilcoxon signed-rank test was used to test for significant differences in sCD30 levels among the matched pairs of cases and controls. Odds ratios (ORs) and 95% confidence intervals (CIs) relating sCD30 concentration categories and NHL risk were then computed using conditional logistic regression modeling. For analyses of all NHL, sCD30 concentration (averaged across duplicates) was categorized using control quartiles as cut-points. Tests for trend were performed by modeling the intracategory medians as a continuous parameter. We additionally investigated associations with dichotomized sCD30 concentration (cut-point: control median) for NHL histologic subtypes (small lymphocytic lymphoma/chronic lymphocytic leukemia [SLL/CLL], diffuse large B-cell lymphoma [DLBCL], follicular lymphoma [FL], other or not otherwise specified histology) using polytomous regression models adjusted for baseline age, sex, race, PLCO center, and enrollment year. Analyses stratified by follow-up time (1-2, 3-5, 6-10 years) were also performed. All statistical tests were 2-sided.
Role of the funding source
The study sponsors had no role in study design, data collection, data analysis, data interpretation, writing of the report, or the decision to submit a paper for publication.
Results and discussion
Cases and controls had identical distributions of matching factors (Table 1) . Soluble CD30 concentration was 39% higher in cases compared with controls (P Ͻ .001) and remained significantly elevated among cases diagnosed 6 to 10 years after providing a blood sample ( . We note that SLL/CLL was more prevalent than DLBCL among our case series. This pattern is consistent with the older age distribution of PLCO subjects (age 55-74 at enrollment) and the age-specific incidence of these subtypes past the age of 55. 14 Breen et al previously reported that elevated serum sCD30 is associated with an increased risk of AIDS-related NHL in a study of 49 cases and 135 controls, although their study was limited by a relatively short time period between blood collection and NHL diagnosis (Ͻ 3 years). 12 Our study, to our knowledge the first investigation of sCD30 and NHL reported in a healthy population, also shows a clear association between sCD30 concentration and subsequent NHL risk, apparent as far as 6 to 10 years after blood collection. These findings suggest that B-cell activation is an In conclusion, our study findings strongly suggest that elevated serum levels of sCD30 predict the development of NHL. Additional research is needed to confirm these findings and to better understand the biologic basis of this relationship. Laboratory at SAIC-Frederick; as well as the study participants for their contributions to making this study possible.
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